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�¤¥áì ¬ë ¯à®¤®«¦ ¥¬ ¨áá«¥¤®¢ ­¨¥, ­ ç â®¥ ¢ [1].

3. �¥à¨®¤¨ç¥áª¨¥ à¥è¥­¨ï ­¥«¨­¥©­®© á¨áâ¥¬ë

�®à¬ã«¨àã¥¬ ï ­¨¦¥ â¥®à¥¬  ®â«¨ç ¥âáï ®â ¬­®£¨å áâ ­¤ àâ­ëå â¥®à¥¬ áãé¥áâ¢®¢ ­¨ï á¢®-
¥© ¡®«ìè¥© £¥®¬¥âà¨ç­®áâìî, çâ® ¯®§¢®«ï¥â ¯®«­¥¥ ãç¨âë¢ âì á¯¥æ¨ä¨ªã ¨§ãç ¥¬®© á¨áâ¥¬ë.
� ¤àã£®© áâ®à®­ë, íää¥ªâ¨¢­®áâì ¯à¨¬¥­¥­¨ï íâ®© â¥®à¥¬ë § ¢¨á¨â ®â â®£®, ­ áª®«ìª® â®ç­®
¬ë ¯à¥¤áâ ¢«ï¥¬ ®¡« áâì à á¯®«®¦¥­¨ï ¯à¥¤¯®« £ ¥¬®£® ¯¥à¨®¤¨ç¥áª®£® à¥è¥­¨ï ¢ ä §®¢®¬
¯à®áâà ­áâ¢¥ á¨áâ¥¬ë.

�ã¤¥¬ § ¯¨áë¢ âì á¨áâ¥¬ã ¢ ¢¨¤¥

_x = A(t; x)x +B(t; x)f(t; x); (3.1)

£¤¥ äã­ªæ¨¨ A : R1+n ! Hom(Rn ;Rn), B : R1+n ! Hom(Rn ;Rm), f : R1+n ! R
m . �ãáâì ¤®¯®«­¨-

â¥«ì­® § ¤ ­  äã­ªæ¨ï X : R ! 
(Rn). � ¤ «ì­¥©è¥¬ ¯à¥¤¯®« £ ¥âáï, çâ®

 ) äã­ªæ¨ï t ! X(t) ­¥¯à¥àë¢­ , ¯¥à¨®¤¨ç­  á ¯¥à¨®¤®¬ T > 0, ¨ ¤«ï ª ¦¤®£® ä¨ªá¨à®-
¢ ­­®£® t ¬­®¦¥áâ¢® X(t) ª®¬¯ ªâ­® ¨ ¢ë¯ãª«® ¢ Rn (¨­¢ à¨ ­â­®áâì X ®â­®á¨â¥«ì­®
á¨áâ¥¬ë (3.1) ­¥ ¯à¥¤¯®« £ ¥âáï);

¡) ¯à¨ ª ¦¤®¬ ä¨ªá¨à®¢ ­­®¬ x 2 Rn äã­ªæ¨¨ A, B, f ¨§¬¥à¨¬ë ¯® t, ®£à ­¨ç¥­ë ­  R ¨
T -¯¥à¨®¤¨ç­ë;

¢) ¯à¨ ª ¦¤®¬ ä¨ªá¨à®¢ ­­®¬ t äã­ªæ¨¨ A, B, f «®ª «ì­® «¨¯è¨æ¥¢ë ¢ ª ¦¤®© â®çª¥ x
¨§ ­¥ª®â®à®© ®ªà¥áâ­®áâ¨ ¬­®¦¥áâ¢  X(t).

�¥®à¥¬  3. �á«¨ ¤«ï ª ¦¤®© ­¥¯à¥àë¢­®© T -¯¥à¨®¤¨ç¥áª®© äã­ªæ¨¨ t ! x̂(t) 2 X(t) á¨-
áâ¥¬ 

_x = A(t; x̂(t))x+B(t; x̂(t))u (3.2)

(U;X)-¤®¯ãáâ¨¬ , £¤¥ U(t) = f(t;X(t)), â® áãé¥áâ¢ã¥â ¯® ªà ©­¥© ¬¥à¥ ®¤­® T -¯¥à¨®¤¨ç¥áª®¥

à¥è¥­¨¥ x(t) á¨áâ¥¬ë (3.1), ¯à¨ç¥¬ x(t) 2 X(t).
� ¬¥ç ­¨¥ 6. �ª¢¨¢ «¥­â­ ï ä®à¬ã«¨à®¢ª  [2]: ¥á«¨ ¤«ï ª ¦¤®© ­¥¯à¥àë¢­®© T -¯¥à¨®-

¤¨ç¥áª®© äã­ªæ¨¨ t! x̂(t) 2 X(t) á¨áâ¥¬  _x = A(t; x̂(t))x à¥£ã«ïà­  ¨ ¤«ï «î¡®© â®çª¨ (t0; x0) 2
[0; T ]� @X(t0) ¨ ¢á¥å � 2 N(t0; x0) ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢®

Z t0+T

t0

max
x2X(t)

 ̂(t; �)B(t; x̂(t))f(t; x)dt 6 �x0; (3.3)

�áá«¥¤®¢ ­¨ï ¢ë¯®«­¥­ë ¢ à ¬ª å ¯à®£à ¬¬ë \�­¨¢¥àá¨â¥âë �®áá¨¨" ¯® ­ ¯à ¢«¥­¨î \�ã­¤ ¬¥­-

â «ì­ë¥ ¯à®¡«¥¬ë ¬ â¥¬ â¨ª¨ ¨ ¬¥å ­¨ª¨" (¯à®¥ªâ 1.5.22) ¨ ¯®¤¤¥à¦ ­ë ���� (£à ­â 94-01-00843- )

¨ ª®­ªãàá­ë¬ æ¥­âà®¬ äã­¤ ¬¥­â «ì­®£® ¥áâ¥áâ¢®§­ ­¨ï (£à ­â 93-1-46-18).

17



£¤¥  ̂(t; �) | à¥è¥­¨¥ § ¤ ç¨

_ = � A(t; x̂(t));  (t0 + T )�  (t0) = �; (3.4)

â® á¨áâ¥¬  (3.1) ¨¬¥¥â ¯® ªà ©­¥© ¬¥à¥ ®¤­® T -¯¥à¨®¤¨ç¥áª®¥ à¥è¥­¨¥, à á¯®«®¦¥­­®¥ ¢ X(t).

�®ª § â¥«ìáâ¢® â¥®à¥¬ë 3. �ãáâì �(t; s; x̂(�)) | ¬ âà¨æ  �à¨­  (á¬. § ¬¥ç ­¨¥ 1 ¨ à ¢¥­-
áâ¢® (2.6)) á¨áâ¥¬ë _x = A(t; x̂(t))x. �§ ãá«®¢¨ï ¤®¯ãáâ¨¬®áâ¨ á«¥¤ã¥â áãé¥áâ¢®¢ ­¨¥ ª®­áâ ­âë
M , ®¡¥á¯¥ç¨¢ îé¥© ¤«ï ¢á¥å (t; s; x(�)) 2 �� X ¢ë¯®«­¥­¨¥ ­¥à ¢¥­áâ¢ 

j�(t; s; x(�))j 6M; (3.5)

£¤¥ � = f(t; s) : t � T 6 s 6 t; t 2 Rg, X | á®¢®ªã¯­®áâì ¨§¬¥à¨¬ëå T -¯¥à¨®¤¨ç¥áª¨å á¥ç¥­¨©
äã­ªæ¨¨ t! X(t).

�ãáâì x0(�) { ­¥¯à¥àë¢­®¥ T -¯¥à¨®¤¨ç¥áª®¥ á¥ç¥­¨¥ ¬­®¦¥áâ¢  X(t). �® x0(�) ¯®áâà®¨¬
u0(t) = f(t; x0(t)), A0(t) = A(t; x0(t)), B0(t) = B(t; x0(t)) ¨ äã­ªæ¨î �0(t; s) = �(t; s; x0(�)). �¡®-
§­ ç¨¬ ç¥à¥§ x1(�) T -¯¥à¨®¤¨ç¥áª®¥ à¥è¥­¨¥ á¨áâ¥¬ë

_x = A0(t)x+B0(t)u0(t):

�­® à á¯®«®¦¥­® ¢ X(t): � «¥¥ áâà®¨¬ u1(�), A1(�), B1(�) ¨ �1(�; �). �à®¤®«¦ ï íâ®â ¯à®æ¥áá,
¯®áâà®¨¬ ¯®á«¥¤®¢ â¥«ì­®áâ¨ fxig, fuig, fAig, fBig, f�ig, ¯à¨ç¥¬

xi(t) =
Z t

t�T
�i�1(t; s)Bi�1(s)ui�1(s)ds: (3.6)

�§ ®£à ­¨ç¥­­®áâ¨ ¬­®¦¥áâ¢X(t), f(t;X(t)) ¨ äã­ªæ¨©A, B ­  R�X(t) á«¥¤ã¥â ®æ¥­ª  j _xi(t)j 6
6M ¤«ï ­¥ª®â®à®© ª®­áâ ­âëM ¨ ¢á¥å i = 0; 1; : : : �®íâ®¬ã ¯®á«¥¤®¢ â¥«ì­®áâì fxig à ¢­®¬¥à-
­® ®£à ­¨ç¥­  ¨ à ¢­®áâ¥¯¥­­® ­¥¯à¥àë¢­  ¨, á«¥¤®¢ â¥«ì­®, ª®¬¯ ªâ­  ¢ C([0; T ];Rn). �­ «®-

£¨ç­ë¬ ®¡à §®¬ ¤®ª §ë¢ ¥âáï (á ¯à¨¢«¥ç¥­¨¥¬ (3.5) ¨ à ¢¥­áâ¢ 
d

dt
�i(t; s) = A(t; xi�1(t))�i(t; s))

ª®¬¯ ªâ­®áâì ¯®á«¥¤®¢ â¥«ì­®áâ¨ f�ig ¢ �(K;Hom(Rn ;Rn)), £¤¥ K = f(t; s) : t � T 6 s 6 t;

0 6 t 6 Tg.
�ë¤¥«¨¬ ¨§ ¯®á«¥¤®¢ â¥«ì­®áâ¨ f(xi;�i)g áå®¤ïéãîáï ¯®¤¯®á«¥¤®¢ â¥«ì­®áâì, ª®â®àãî, ¯®-

á«¥ á®®â¢¥âáâ¢ãîé¥© ¯¥à¥­ã¬¥à æ¨¨ á­®¢  ®¡®§­ ç¨¬ f(xi;�i)g,   ¥¥ ¯à¥¤¥« { ç¥à¥§ (x̂(�); �̂(�; �)).
� á¨«ã «®ª «ì­®© «¨¯è¨æ¥¢®áâ¨ A ¯® x ¯à¨ ¤®áâ â®ç­® ¡®«ìè¨å i á¯à ¢¥¤«¨¢® ­¥à ¢¥­áâ¢®

jA(t; xi(t)) � A(t; x̂(t))j 6 ljxi(t) � x̂(t)j, ¯®íâ®¬ã A(t; xi(t)) áå®¤¨âáï ª A(t; x̂(t)) ¯à¨ ¯®çâ¨ ¢á¥å
t, ¨, á«¥¤®¢ â¥«ì­®, �i(t; s) áå®¤¨âáï ª �̂(t; s) à ¢­®¬¥à­® ­  ª®¬¯ ªâ¥ K. �à®¬¥ â®£® (¢ á¨«ã
«®ª «ì­®© «¨¯è¨æ¥¢®áâ¨), B(t; xi(t)) ¨ f(t; xi(t)) áå®¤ïâáï ª B(t; x̂(t)) ¨ f(t; x̂(t)) ¯à¨ ¯®çâ¨ ¢á¥å
t 2 R. �¥à¥å®¤ï ¢ (3.6) ª ¯à¥¤¥«ã (¯à¨ ª ¦¤®¬ ä¨ªá¨à®¢ ­­®¬ t), ¯®«ãç ¥¬ à ¢¥­áâ¢®

x̂(t) =
Z t

t�T

�̂(t; s)B(s; x̂(t))f(s; x̂(s))ds;

¨§ ª®â®à®£® á«¥¤ã¥â, çâ® x̂(t) | T -¯¥à¨®¤¨ç¥áª®¥ à¥è¥­¨¥ á¨áâ¥¬ë (3.1).

�«¥¤áâ¢¨¥ 3. �á«¨ á¨áâ¥¬  _x = A(t)x à¥£ã«ïà­  ¨ ­ ©¤¥âáï â ª®¥ r > 0, çâ®

max
t0;�

Z t0+T

t0

j (t; �)j!r(t)dt 6 r; (t0; �) 2 [0; T ] � Sn�1; (3.7)

£¤¥ !r(t) = max
jxj6r

jf(t; x)j ,  (t; �) | à¥è¥­¨¥ § ¤ ç¨

_ = � A(t);  (t0 + T )�  (t0) = �; � 2 Sn�1;
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â® á¨áâ¥¬ 

_x = A(t)x+ f(t; x) (3.8)

(A ¨ f ¯¥à¨®¤¨ç­ë ¯® t á ¯¥à¨®¤®¬ T > 0) ¨¬¥¥â ¯® ªà ©­¥© ¬¥à¥ ®¤­® T -¯¥à¨®¤¨ç¥áª®¥ à¥è¥­¨¥
x(�), ã¤®¢«¥â¢®àïîé¥¥ ­¥à ¢¥­áâ¢ã kx(�)k0 6 r.

�â® áâ ­¤ àâ­®¥ ãâ¢¥à¦¤¥­¨¥ ¯®«ãç ¥âáï ¨§ â¥®à¥¬ë 3, ¥á«¨ ¯®«®¦¨âì Xr = fx 2 Rn : jxj 6
rg. �¥©áâ¢¨â¥«ì­®, ¯ãáâì x0 2 @Xr, â®£¤  ª á â¥«ì­ë© ¢¥ªâ®à � = x�0=jx0j. �®áª®«ìªã �x0 = r ¨

max
x2Xr

 (t; �)f(t; x) = j (t; �)jmax
x2Xr

 (t; �)
j (t; �)jf(t; x) 6

6 j (t; �)j max
(�;x)2Sn�1�Xr

�f(t; x) 6 j (t; �)jmax
jxj6r

jf(t; x)j 6 j (t; �)j!r(t);

â® ¨§ ­¥à ¢¥­áâ¢  (3.7) á«¥¤ã¥â ­¥à ¢¥­áâ¢® (3.3).

�«¥¤áâ¢¨¥ 4. �ãáâì ¬­®¦¥áâ¢®

X(t) = fx 2 Rn : �i(t)x 6 �i(t); i = 1; : : : ; sg

(äã­ªæ¨¨ �i : R ! Sn�1, �i : R ! R ­¥¯à¥àë¢­ë ¨ T -¯¥à¨®¤¨ç­ë) ª®¬¯ ªâ­® ¯à¨ ª ¦¤®¬ t

¨ á¨áâ¥¬  _x = A(t)x à¥£ã«ïà­ . �á«¨ ¤«ï ª ¦¤®£® i = 1; : : : ; s ¨ ¢á¥å t0 2 [0; T ] ¢ë¯®«­¥­ë
­¥à ¢¥­áâ¢  Z t0+T

t0

max
x2X(t)

 i(t)f(t; x)dt 6 �i(t0);

£¤¥  i(t) | à¥è¥­¨¥ § ¤ ç¨

_ = � A(t);  (t0 + T )�  (t0) = �i(t0);

â® á¨áâ¥¬  (3.3) ¨¬¥¥â ¯® ªà ©­¥© ¬¥à¥ ®¤­® T -¯¥à¨®¤¨ç¥áª®¥ à¥è¥­¨¥, à á¯®«®¦¥­­®¥ ¢ X(t).

�à¨¬¥à 4. �¥«¨­¥©­ ï á¨áâ¥¬ 

_xi =
nX

j=1

aij(t)xj ; i = 1; : : : ; n� 1;

_xn =
nX

j=1

anj(t)xj + f(t; x1; : : : ; xn)

(3.9)

á T -¯¥à¨®¤¨ç¥áª¨¬¨ ª®íää¨æ¨¥­â ¬¨ aij(t) ¨ T -¯¥à¨®¤¨ç¥áª®© ¯® t äã­ªæ¨¥© f ¨¬¥¥â T -
¯¥à¨®¤¨ç¥áª®¥ à¥è¥­¨¥ á ­¥®âà¨æ â¥«ì­®© ¯¥à¢®© ª®®à¤¨­ â®©, ¥á«¨ ¢ë¯®«­¥­ë á«¥¤ãîé¨¥
ãá«®¢¨ï:

1) ¤«ï ª ¦¤®£® t0 2 [0; T ] ¨¬¥¥â ¬¥áâ® à ¢¥­áâ¢® lim
r!1

1
r

Z t0+T

t0

!r(t)dt = 0, £¤¥ !r(t) =

= max
x2Xr

f(t; x), Xr = fx = col(x1; : : : ; xn) : x1 > 0; jxj 6 rg;
2) f(t; x) > 0 ¤«ï ¢á¥å (t; x) 2 R �X1;
3) ¤«ï ª ¦¤®£® t0 2 [0; T ] ¯®á«¥¤­ïï ª®®à¤¨­ â   n(t) à¥è¥­¨ï § ¤ ç¨

_ = � A(t);  (t0 + T )�  (t0) = (1; 0; : : : ; 0);

£¤¥ A(t) = (aij(t)), ã¤®¢«¥â¢®àï¥â ­¥à ¢¥­áâ¢ã  n(t) > 0.
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4. �®ª § â¥«ìáâ¢® â¥®à¥¬ë 1

�¥¬¬  1. �¨­¥©­ ï á¨áâ¥¬ 8<
:
_p = �(f1(t) + k)p+ f1(t)q;

_q = f2(t)p� (f2(t) + f3(t))q
(4.1)

á ¨§¬¥à¨¬ë¬¨ (­¥ ®¡ï§ â¥«ì­® ¯¥à¨®¤¨ç¥áª¨¬¨) ª®íää¨æ¨¥­â ¬¨ fi; ã¤®¢«¥â¢®àïîé¨¬¨ ­¥-

à ¢¥­áâ¢ ¬ 0 6 fi(t) 6 ri, f3(t) > � > 0, k > 0, à ¢­®¬¥à­® íªá¯®­¥­æ¨ «ì­® ãáâ®©ç¨¢ .

�®ª § â¥«ìáâ¢®. �â¬¥â¨¬, çâ® ¬­®¦¥áâ¢® R
2
+ = f(p; q) : p > 0; q > 0g ¯®«®¦¨â¥«ì­®

¨­¢ à¨ ­â­®, â.¥. ¢áïª®¥ à¥è¥­¨¥ á¨áâ¥¬ë (4.1), ­ ç¨­ îé¥¥áï ¢ R
2
+ ¢ ¯à®¨§¢®«ì­ë© ¬®¬¥­â

¢à¥¬¥­¨ t0; ®áâ ¥âáï ¢ R2
+ ¯à¨ ¢á¥å t > t0:

�ãáâì z(t) = (p(t); q(t)) | à¥è¥­¨¥ á¨áâ¥¬ë (4.1), ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨î z(t0) = (1; 0).
�®£¤  ­ ©¤¥âáï â ª®© ¬®¬¥­â ¢à¥¬¥­¨ t1 > t0, çâ® ¤«ï ¢á¥å t 2 I1 = [t0; t1) z(t) 2 Q1 = f(p; q) :
0 6 q < pg. �§ ¯¥à¢®£® ãà ¢­¥­¨ï á¨áâ¥¬ë (4.1) ¨¬¥¥¬ _p = �f1(t)(p(t) � q(t)) � kp(t) 6 �kp(t).
�«¥¤®¢ â¥«ì­®, p(t) 6 exp(�k(t�t0)); t 2 I1, ¨ (¢ á¨«ã ­¥à ¢¥­áâ¢  q(t) 6 p(t)) q(t) 6 exp(�k(t�
t0)). �®íâ®¬ã, ¥á«¨ t1 = 1, à¥è¥­¨¥ z(t) ¤®¯ãáª ¥â íªá¯®­¥­æ¨ «ì­ãî ®æ¥­ªã (à ¢­®¬¥à­ãî
®â­®á¨â¥«ì­® t0). �ãáâì t1 < 1, â®£¤  p(t1) = q(t1). �á«¨ ¯à¨ t > t1 à¥è¥­¨¥ z(t) ¢®è«® ¢
Q2 = f(p; q) : 0 6 p < qg, â® ¨§ ¢â®à®£® ãà ¢­¥­¨ï á¨áâ¥¬ë (4.1) ¨¬¥¥¬ _q(t) = f2(t)(p(t) � q(t)) �
f3(t)q(t) 6 �f3(t)q(t) 6 ��q(t). �«¥¤®¢ â¥«ì­®,

q(t) 6 q(t1)e��(t�t1) 6 e�k(t1�t0)e��(t�t1) 6 e�
(t�t0);

£¤¥ 
 = minfk; �g ¨ (¢ á¨«ã ­¥à ¢¥­áâ¢  p(t) < q(t)) p(t) 6 exp(�
(t � t0)). �â¨ ­¥à ¢¥­áâ¢ 
á®åà ­ïîâáï ¤® â¥å ¯®à, ¯®ª  z(t) 2 Q2: � ª¨¬ ®¡à §®¬, ¤«ï ¢á¥å t 2 I1 [ I2, £¤¥ I2 = [t1; t2),
t2 | ¯¥à¢ë© ¬®¬¥­â ¢®§¢à é¥­¨ï à¥è¥­¨ï z(t) ¨§ ®¡« áâ¨ Q2 ­  ¯àï¬ãî q = p, à¥è¥­¨¥ ¤®-
¯ãáª ¥â íªá¯®­¥­æ¨ «ì­ãî ®æ¥­ªã (à ¢­®¬¥à­ãî ®â­®á¨â¥«ì­® t0) á ¯®ª § â¥«¥¬ �
. �¥è¥­¨¥
z(t) ¬®¦¥â ¬­®£®ªà â­® ¯¥à¥á¥ª âì ¯àï¬ãî q = p, ­® ¯à¨ íâ®¬, ª ª â¥¯¥àì «¥£ª® ¯à®¢¥à¨âì,
íªá¯®­¥­æ¨ «ì­ ï ãáâ®©ç¨¢®áâì (á ¯®ª § â¥«¥¬ �
) á®åà ­ï¥âáï.

�­ «®£¨ç­® ¬®¦­® ¤®ª § âì, çâ® à¥è¥­¨¥ z(t) á¨áâ¥¬ë (4.1), ã¤®¢«¥â¢®àïîé¥¥ ­ ç «ì­®¬ã
ãá«®¢¨î z(t0) = (0; 1), ¤®¯ãáª ¥â íªá¯®­¥­æ¨ «ì­ãî ®æ¥­ªã (à ¢­®¬¥à­ãî ®â­®á¨â¥«ì­® t0) á
¯®ª § â¥«¥¬ �
.

�®ª ¦¥¬ ¯¥à¢®¥ ãâ¢¥à¦¤¥­¨¥ â¥®à¥¬ë 1. �¨ªá¨àã¥¬ ¤®¯ãáâ¨¬®¥ ã¯à ¢«¥­¨¥ v(t) (â.¥. ¨§-
¬¥à¨¬ãî T -¯¥à¨®¤¨ç¥áªãî äã­ªæ¨î á® §­ ç¥­¨ï¬¨ ¢ [�; �]) ¨ ¯à®¨§¢®«ì­ãî ­¥¯à¥àë¢­ãî T -
¯¥à¨®¤¨ç¥áªãî äã­ªæ¨î x̂(t) á® §­ ç¥­¨ï¬¨ ¢ ¬­®¦¥áâ¢¥ clX", £¤¥ X" ®¯à¥¤¥«¥­® à ¢¥­áâ¢®¬
(1.3). � áá¬®âà¨¬ á¨áâ¥¬ã

_x = A(t; x̂(t))x+ b; (4.2)

£¤¥ b = col(k2; 0),   í«¥¬¥­âë aij(t) ¬ âà¨æë A(t; x̂(t)) ®¯à¥¤¥«¥­ë à ¢¥­áâ¢ ¬¨ a11(t) =
�(k1v(t) + k2 + 2k3v(t)x̂1(t)), a12(t) = �(k2 � 2k4x̂2(t)), a21(t) = 2k3v(t)x̂1(t), a22(t) = �2k4x̂2(t).
�à¥¤¢ à¨â¥«ì­® ¤®ª ¦¥¬, çâ® á¨áâ¥¬  (4.2) (U; clX")-¤®¯ãáâ¨¬  (¤«ï ¢á¥å T -¯¥à¨®¤¨ç¥áª¨å
x̂(t) 2 clX"), £¤¥ U = f(t; clX") ¨ ¯®áª®«ìªã f(t; x) � 1, â® U = f1g. �«¥¤®¢ â¥«ì­®, ¤®ª -
§ â¥«ìáâ¢® (U; clX")-¤®¯ãáâ¨¬®áâ¨ á¢®¤¨âáï ª ¯à®¢¥àª¥ ¤¢ãå ä ªâ®¢: ¢®-¯¥à¢ëå, ¤«ï ª ¦¤®©
T -¯¥à¨®¤¨ç¥áª®© x̂(t) 2 clX" á¨áâ¥¬ 

_x = A(t; x̂(t))x (4.3)

à¥£ã«ïà­  ¨, ¢®-¢â®àëå, ¥¤¨­áâ¢¥­­®¥ T -¯¥à¨®¤¨ç¥áª®¥ à¥è¥­¨¥ á¨áâ¥¬ë (4.2) á®¤¥à¦¨âáï ¢
clX".
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�®ª ¦¥¬, çâ® á¨áâ¥¬  (4.3) à¥£ã«ïà­ . �¥à¥©¤¥¬ ª ­®¢ë¬ ª®®à¤¨­ â ¬ p = x1 + x2; q = x2.
�®£¤  ¯®«ãç¨¬ á¨áâ¥¬ã

8<
:
_p = �(f1(t) + k2)p+ f1(t)q;

_q = f2(t)p� (f2(t) + f3(t))q;
(4.4)

£¤¥ f1 = k1v(t) > 0, f2 = 2k3v(t)x̂1(t) > 0, f3 = 2k4x̂2(t) > 0.
�¨áâ¥¬  (4.4) | íâ® á¨áâ¥¬  ¢¨¤  (4.1) ¨ (4.2), ­® ¯à¨¬¥­¨âì ª ­¥© «¥¬¬ã 1 ¬ë ¯®ª  ­¥

¬®¦¥¬, ¯®áª®«ìªã ­¥ ¢ë¯®«­¥­® ãá«®¢¨¥ f3(t) > � > 0.
�¥£ª® ¯à®¢¥à¨âì, çâ® ¤«ï ª ¦¤®£® ­¥âà¨¢¨ «ì­®£® à¥è¥­¨ï á¨áâ¥¬ë (4.4), ­ å®¤ïé¥£®áï ¢

¬®¬¥­â ¢à¥¬¥­¨ t ¢ ¬­®¦¥áâ¢¥ S2 = f(p; q) : p 6 0; q > 0g, ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢® _p(t) > 0.
�®íâ®¬ã á¨áâ¥¬  (4.4) ­¥ ¨¬¥¥â ­¥âà¨¢¨ «ì­ëå T -¯¥à¨®¤¨ç¥áª¨å à¥è¥­¨©, æ¥«¨ª®¬ à á¯®«®-
¦¥­­ëå ¢ S2 (¨, á«¥¤®¢ â¥«ì­®, ­¥â T -¯¥à¨®¤¨ç¥áª¨å à¥è¥­¨© ¢ S4 = �S2). �â¬¥â¨¬ â¥¯¥àì, çâ®
¢ á¨«ã ¨­¢ à¨ ­â­®áâ¨ ¬­®¦¥áâ¢  R

2
+ ®â­®á¨â¥«ì­® à¥è¥­¨© á¨áâ¥¬ë (4.4), ­¥â ­¥âà¨¢¨ «ì-

­ëå ¯¥à¨®¤¨ç¥áª¨å à¥è¥­¨©, ¯¥à¥á¥ª îé¨å ¯®«ã®áì l+ = f(p; q) : p = 0; q > 0g. �­ «®£¨ç­ë¥
à ááã¦¤¥­¨ï ¢¥à­ë ¤«ï R2

� = �R2
+ ¨ l� = �l+. � ª¨¬ ®¡à §®¬, ¥á«¨ á¨áâ¥¬  (4.4) ¨¬¥¥â ­¥âà¨-

¢¨ «ì­®¥ T -¯¥à¨®¤¨ç¥áª®¥ à¥è¥­¨¥, â® ®­® æ¥«¨ª®¬ à á¯®«®¦¥­® ¢ R2
+ .

�¥à¥¯¨è¥¬ ¯¥à¢®¥ ãà ¢­¥­¨¥ á¨áâ¥¬ë (4.4) ¢ ¢¨¤¥ _p = �f1(t)(p�q)�k2p. �®áª®«ìªã ¢ ¬­®¦¥-
áâ¢¥ Q1 = f(p; q) : 0 6 q < pg ¨¬¥¥â ¬¥áâ® ­¥à ¢¥­áâ¢® _p(t) < 0, â® ¯¥à¢ ï ª®®à¤¨­ â  p(t) ¬®­®-
â®­­® ã¡ë¢ ¥â (¤® â¥å ¯®à, ¯®ª  à¥è¥­¨¥ ­ å®¤¨âáï ¢ Q1). �«¥¤®¢ â¥«ì­®, ­¥â T -¯¥à¨®¤¨ç¥áª¨å
à¥è¥­¨©, æ¥«¨ª®¬ ­ å®¤ïé¨åáï ¢ Q1. �­ «®£¨ç­ë¥ à ááã¦¤¥­¨ï ¬®¦­® ¯à®¢¥áâ¨ ¤«ï ®¡« áâ¨
Q2 = f(p; q) : 0 6 p < qg. � íâ®¬ á«ãç ¥ _q = f2(t)(p � q) � f3(t)q ¨ ¯®áª®«ìªã f2(t) ¨ f3(t) ­¥
¬®£ãâ ®¤­®¢à¥¬¥­­® ®¡à â¨âìáï ¢ ­ã«ì (â.ª. x̂1(t) + x̂2(t) > "), â® _q(t) < 0. �®íâ®¬ã ¢ Q2 â®¦¥
­¥â T -¯¥à¨®¤¨ç¥áª¨å à¥è¥­¨©.

�®¯ãáâ¨¬, çâ® áãé¥áâ¢ã¥â à¥è¥­¨¥ (p(t); q(t)) á¨áâ¥¬ë (4.4) (­¥ ®¡ï§ â¥«ì­® ¯¥à¨®¤¨ç¥-
áª®¥), ­ å®¤ïé¥¥áï ¢ R2

+ ¨ ¨¬¥îé¥¥ á®¯à¨ª®á­®¢¥­¨ï (¯¥à¥á¥ç¥­¨ï ¨«¨ ª á ­¨ï) á ¯®«ã¯àï¬®©
l+ = f(p; q) : p = q; q > 0g. �®£¤  ¢ ¬®¬¥­âë á®¯à¨ª®á­®¢¥­¨ï t1 < t2 < � � � ¢ë¯®«­¥­ë ­¥à -
¢¥­áâ¢  _p(ti) < 0, _q(ti) 6 0, ¨ ¯®íâ®¬ã ¯®á«¥¤®¢ â¥«ì­®áâì (p(ti); q(ti)) ã¡ë¢ ¥â ¢¤®«ì ¯àï¬®© l+,
â.¥. jp(ti)j + jq(ti)j = 2jp(ti)j > 2jp(ti+1)j. �«¥¤®¢ â¥«ì­®, á¨áâ¥¬  (4.4) ­¥ ¨¬¥¥â ¯¥à¨®¤¨ç¥áª¨å
à¥è¥­¨©, ­ å®¤ïé¨åáï ¢ R2

+ ¨ ¨¬¥îé¨å á®¯à¨ª®á­®¢¥­¨ï á ¯®«ã¯àï¬®© l+. �ë ¤®ª § «¨, çâ®
á¨áâ¥¬  (4.4),   á«¥¤®¢ â¥«ì­®, ¨ á¨áâ¥¬  (4.3) à¥£ã«ïà­ë.

�®ª ¦¥¬ â¥¯¥àì, çâ® ª ¦¤®© T -¯¥à¨®¤¨ç¥áª®©äã­ªæ¨¨ x̂(t) 2 clX" ®â¢¥ç ¥â T -¯¥à¨®¤¨ç¥áª®¥
à¥è¥­¨¥ á¨áâ¥¬ë (4.2), æ¥«¨ª®¬ á®¤¥à¦ é¥¥áï ¢ clX". �¥à¥©¤¥¬ ª ­®¢ë¬ ª®®à¤¨­ â ¬ p =
x1 + x2, q = x2. �®£¤  ¯®«ãç¨¬ á¨áâ¥¬ã

8<
:
_p = �(f1(t) + k2)p+ f1(t)q + k2;

_q = f2(t)p� (f2(t) + f3(t))q;
(4.5)

  ¬­®¦¥áâ¢® clX" ¯¥à¥©¤¥â ¢ ¬­®¦¥áâ¢® H" = f(p; q) : 0 6 q 6 p 6 1; p > "g. �«ï ¤®ª § â¥«ì-
áâ¢  (U;H")-¤®¯ãáâ¨¬®áâ¨, £¤¥ U = f1g, á¨áâ¥¬ë (4.5) ¢®á¯®«ì§ã¥¬áï á«¥¤áâ¢¨¥¬ 2. �¨áâ¥¬ ,
á®¯àï¦¥­­ ï ª á¨áâ¥¬¥ (4.4), ¨¬¥¥â ¢¨¤

8<
:
_� = (f1(t) + k2)� � f2(t)�;

_� = �f1(t)� + (f2(t) + f3(t))�:
(4.6)

�®ª ¦¥¬ á­ ç « , çâ® ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢® (2.13) ¤«ï ¯®«ã¯«®áª®áâ¨ p 6 1: � íâ®¬ á«ãç ¥
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ãá«®¢¨¥ (2.13) § ¯¨è¥âáï ¢ ¢¨¤¥

k2

Z t0+T

t0

�(t)dt 6 1; (4.7)

£¤¥ �(�) { ¯¥à¢ ï ª®®à¤¨­ â  à¥è¥­¨ï (�(�); �(�)) á¨áâ¥¬ë (4.6) á ªà ¥¢ë¬¨ ãá«®¢¨ï¬¨

�(t0 + T )� �(t0) = 1; �(t0 + T )� �(t0) = 0: (4.8)

�­â¥£à¨àãï ­  à¥è¥­¨¨ à ¢¥­áâ¢  (4.6) ¨ áª« ¤ë¢ ï à¥§ã«ìâ âë ¨­â¥£à¨à®¢ ­¨ï, ¯®«ãç¨¬
1 = k2

R t0+T
t0

�(t)dt +
R t0+T
t0

f3(t)�(t)dt, ¯®íâ®¬ã ­¥à ¢¥­áâ¢® (4.7) íª¢¨¢ «¥­â­® ­¥à ¢¥­áâ¢ãR t0+T
t0

f3(t)�(t)dt > 0, ¨, ¯®áª®«ìªã f3 ¨ � ¯¥à¨®¤¨ç­ë, ¯®á«¥¤­¥¥ ­¥à ¢¥­áâ¢® ¯à¨¬¥â ¢¨¤R T
0 f3(t)�(t)dt > 0. �®ª ¦¥¬, çâ® �(t) > 0: �¥©áâ¢¨â¥«ì­®, à¥è¥­¨¥ § ¤ ç¨ (4.6),(4.8) ­¥ ¬®¦¥â
æ¥«¨ª®¬ à á¯®« £ âìáï ¢ S4 = f(�; �) : � > 0; � 6 0g, ¯®áª®«ìªã ¢ á¨«ã á¨áâ¥¬ë (4.6) ¢ S4 ¨¬¥¥â
¬¥áâ® ­¥à ¢¥­áâ¢® _�(t) < 0, çâ® ¯à®â¨¢®à¥ç¨â ãá«®¢¨î �(T ) = �(0). � S3 = f(�; �) : � 6 0; � 6 0g
à¥è¥­¨¥ § ¤ ç¨ (4.6), (4.8) â ª¦¥ ®âáãâáâ¢ã¥â: ¥á«¨ ®­® ­ å®¤¨âáï ¢ S3, â® ¤«ï �(t) = �(t) + �(t)
¯®«ãç ¥¬ à ¢¥­áâ¢® _�(t) = k2�(t) + f3(t)�(t), ¨§ ª®â®à®£® ¢ á¨«ã ãá«®¢¨© (4.8) á«¥¤ã¥â ¯à®â¨¢®-
à¥ç¨¥ 1 =

R T
0 _�(t)dt = k2

R T
0 �(t)dt+

R T
0 f3(t)�(t)dt < 0.

�®ª ¦¥¬, çâ® ¢ ®¡ê¥¤¨­¥­¨¨ S3 [ S4 à¥è¥­¨¥ § ¤ ç¨ (4.6), (4.8) â®¦¥ ®âáãâáâ¢ã¥â. �¥©áâ¢¨-
â¥«ì­®, ¥á«¨ à¥è¥­¨¥  (�) = (�(�); �(�)) ­ å®¤¨âáï ¢ S3 [ S4 â® (¢ á¨«ã ãá«®¢¨ï �(T ) = �(0) + 1)
 (0) 2 S3,  (T ) 2 S4 ¨ á ¢®§à áâ ­¨¥¬ ¢à¥¬¥­¨ â®çª   (t) ¯¥à¥å®¤¨â ¨§ S3 ¢ S4, ¯¥à¥á¥ª ï ¯®«ã®áì
l� = f� = 0; � < 0g à®¢­® ®¤¨­ à §. (�¥£ª® § ¬¥â¨âì, çâ® ¢áïª®¥ à¥è¥­¨¥ á¨áâ¥¬ë (4.6) ¯¥à¥á¥-
ª ¥â ª®®à¤¨­ â­ë¥ ®á¨ ­¥ ¡®«¥¥ ®¤­®£® à § .) �ãáâì  (t1) 2 l�. �®£¤  äã­ªæ¨ï �(t) = �(t)+ �(t)
áâà®£® ¬®­®â®­­® ã¡ë¢ ¥â ¯à¨ t 2 [0; t1] ¨, ¯®áª®«ìªã ª®®à¤¨­ â  �(t) ®¡ï§ ­  ¢®§à áâ âì (¢
á¨«ã ãá«®¢¨ï �(T ) = �(0)+ 1), â® ª®®à¤¨­ â  �(t) ã¡ë¢ ¥â. �à¨ t 2 [t1; T ] ¢ á¨«ã ¢â®à®£® ãà ¢­¥-
­¨ï á¨áâ¥¬ë (4.6) ¨¬¥¥¬ ­¥à ¢¥­áâ¢® _�(t) < 0. �®£¤  �(t) ã¡ë¢ ¥â ­  [0; T ] ¨, á«¥¤®¢ â¥«ì­®, ­¥
ã¤®¢«¥â¢®àï¥â ãá«®¢¨î �(T ) = �(0). � ª¨¬ ®¡à §®¬, ¢ S3 [ S4 ­¥â à¥è¥­¨ï § ¤ ç¨ (4.6), (4.8).
�â¬¥â¨¬ ¥é¥, çâ® âà ¥ªâ®à¨ï  (�) à¥è¥­¨ï § ¤ ç¨ (4.6),(4.8) ­¥ ¬®¦¥â ¯¥à¥á¥ª âì ®áì � = 0,
â. ª. ¢ á¨«ã ¯¥à¨®¤¨ç­®áâ¨ ª®®à¤¨­ âë �(�) â ª¨å ¯¥à¥á¥ç¥­¨© ¡ë«® ¡ë ­¥ ¬¥­¥¥ ¤¢ãå. �§ íâ¨å
à ááã¦¤¥­¨© á«¥¤ã¥â, çâ® âà ¥ªâ®à¨ï à¥è¥­¨ï § ¤ ç¨ (4.6), (4.8) à á¯®«®¦¥­  ¢ ¯®«ã¯«®áª®áâ¨
� > 0 ¨, á«¥¤®¢ â¥«ì­®, ¨¬¥¥â ¬¥áâ® ­¥à ¢¥­áâ¢® �(t) > 0, t 2 [0; T ]. �ë ¯®ª § «¨, çâ® ¢ë¯®«­¥­®
­¥à ¢¥­áâ¢® (4.7).

�®ª ¦¥¬ â¥¯¥àì, çâ® ­¥à ¢¥­áâ¢® (2.13) ¢ë¯®«­¥­® ¤«ï ¯®«ã¯«®áª®áâ¨ q > 0. � íâ®¬ á«ãç ¥
®­® § ¯¨è¥âáï ¢ ¢¨¤¥

k2

Z t0+T

t0

�(t)dt 6 0; (4.9)

£¤¥ �(t) | ¯¥à¢ ï ª®®à¤¨­ â  à¥è¥­¨ï  (�) = (�(�); �(�)) á¨áâ¥¬ë (4.6) á ªà ¥¢ë¬¨ ãá«®¢¨ï¬¨

�(t0 + T )� �(t0) = 0; �(t0 + T )� �(t0) = �1: (4.10)

�®ª ¦¥¬, çâ® �(t) 6 0. �¥è¥­¨¥  (�) § ¤ ç¨ (4.6), (4.10) ­¥ ¬®¦¥â æ¥«¨ª®¬ ­ å®¤¨âìáï ¢ S4 =
f(�; �) : � > 0; � 6 0g, ¯®áª®«ìªã ¢ S4 ¢ á¨«ã ¯¥à¢®£® ãà ¢­¥­¨ï á¨áâ¥¬ë (4.6) ¢ë¯®«­¥­®
­¥à ¢¥­áâ¢® _�(t) > 0. �¥è¥­¨¥  (�) ­¥ ¬®¦¥â à á¯®« £ âìáï ¨ ¢ S1 = R

2
+ (¢ ¯à®â¨¢­®¬ á«ãç ¥

¤«ï �(t) = �(t) + �(t) ¨¬¥¥¬ �1 = R t0+T
t0

_�(t)dt =
R t0+T
t0

(k2�(t) + f3(t)�(t))dt > 0). �¥è¥­¨¥  (�) ­¥
¬®¦¥â à á¯®« £ âìáï ¨ ¢ S1 [ S4. �¥©áâ¢¨â¥«ì­®, ¥á«¨ ®­® ­ å®¤¨âáï ¢ S1 [ S4, â®  (t0) 2 S1,
 (t0+T ) 2 S4 (¢ á¨«ã ãá«®¢¨ï �(t0+T ) = �(t0)�1). �®áª®«ìªã ¢ S1 ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢® _�(t) =
k2�(t)+f3(t)�(t) > 0 ¨ �(t) ã¡ë¢ ¥â, â® �(t) ¢®§à áâ ¥â ¯à¨ t 2 [t0; t1), £¤¥ t1 |¬®¬¥­â ¯¥à¥á¥ç¥­¨ï
¯®«ã®á¨ l+ = f(�; �) : � > 0; � = 0g. � ª ª ª  (t) 2 S4, â® ¯à¨ t 2 [t1; t0+ T ] ¨§ ¯¥à¢®£® ãà ¢­¥­¨ï
á¨áâ¥¬ë (4.6) á«¥¤ã¥â ­¥à ¢¥­áâ¢® _�(t) > 0, â. ¥. �(t) ¯à®¤®«¦ ¥â ¢®§à áâ âì, çâ® ¯à®â¨¢®à¥ç¨â
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ãá«®¢¨î ¯¥à¨®¤¨ç­®áâ¨ �(t). �â¬¥â¨¬ ­ ª®­¥æ, çâ® âà ¥ªâ®à¨ï à¥è¥­¨ï  (�) ­¥ ¯¥à¥á¥ª ¥â ®áì
� (¯® â®© ¦¥ ¯à¨ç¨­¥, çâ® ¨ à ­¥¥: à¥è¥­¨ï ­¥ ¬®£ãâ ¤¢ ¦¤ë ¯¥à¥á¥ª âì ª®®à¤¨­ â­ë¥ ®á¨).
�ë ¯®ª § «¨, çâ® ¯¥à¢ ï ª®®à¤¨­ â  à¥è¥­¨ï § ¤ ç¨ (4.6), (4.10) ã¤®¢«¥â¢®àï¥â ­¥à ¢¥­áâ¢ã
�(t) 6 0, ¨ ¯®íâ®¬ã ãá«®¢¨¥ (4.9) ¢ë¯®«­¥­®.

�®ª ¦¥¬, çâ® ãá«®¢¨¥ (2.13) ¢ë¯®«­¥­® ¤«ï ¯®«ã¯«®áª®áâ¨ q 6 p. � íâ®¬ á«ãç ¥ ãá«®¢¨¥
(2.13) ¯à¨¬¥â ¢¨¤ (4.9), £¤¥ �(�) | ¯¥à¢ ï ª®®à¤¨­ â  à¥è¥­¨ï  (�) = (�(�); �(�)) á¨áâ¥¬ë (4.6) á
ªà ¥¢ë¬¨ ãá«®¢¨ï¬¨

�(t0 + T )� �(t0) = �1=
p
2; �(t0 + T )� �(t0) = 1=

p
2: (4.11)

�®ª ¦¥¬, çâ® (4.9) ¢ë¯®«­¥­®. �§ à ¢¥­áâ¢  _�(t) = k2�(t)+f3(t)�(t) ¤«ï �(t) = �(t)+�(t) á«¥¤ã¥â,
çâ® à¥è¥­¨¥  (�) ­¥ ¬®¦¥â æ¥«¨ª®¬ à á¯®« £ âìáï ¢ S1,   ¨§ ¢â®à®£® ãà ¢­¥­¨ï á¨áâ¥¬ë (4.6) ¨
¢â®à®£® ªà ¥¢®£® ãá«®¢¨ï (4.11) á«¥¤ã¥â, çâ®  (t) ­¥ ¬®¦¥â ­ å®¤¨âìáï ¢ S4 ¤«ï ¢á¥å t 2 [t0; t0+T ].
� «¥¥, ¯®áª®«ìªã S4 ¨­¢ à¨ ­â­®, â® á­®¢  ¢ á¨«ã ¢â®à®£® ãá«®¢¨ï (4.11) à¥è¥­¨¥ ­¥ ¬®¦¥â
æ¥«¨ª®¬ à á¯®« £ âìáï ¢ S1 [ S4,   ¢ á¨«ã ¯¥à¢®£® ªà ¥¢®£® ãá«®¢¨ï (4.11) | ¢ S3 [ S4. �á«¨
 (t) 2 S3 [ S4, t 2 [t0; t0 + T ], â®, ¨­â¥£à¨àãï _�(t), ¯®«ãç¨¬ k2

R t0+T
t0

�(t)dt = � R t0+T
t0

f3(t)�(t)dt 6
6 0 (¯®áª®«ìªã f3(t) > 0; �(t) > 0), çâ® ®§­ ç ¥â á¯à ¢¥¤«¨¢®áâì ­¥à ¢¥­áâ¢  (4.9). �¥¬ ¡®«¥¥
­¥à ¢¥­áâ¢® (4.9) ¢ë¯®«­¥­®, ¥á«¨  (�) æ¥«¨ª®¬ ­ å®¤¨âáï ¢ S2 [ S3.

�áâ «®áì ¤®ª § âì, çâ® ãá«®¢¨¥ (2.13) ¢ë¯®«­¥­® ¤«ï ¯®«ã¯à®áâà ­áâ¢  p > ". � íâ®¬ á«ãç ¥
­¥à ¢¥­áâ¢® (2.13) § ¯¨è¥âáï ¢ ¢¨¤¥

k2

Z t0+T

t0

�(t)dt 6 �"; " = k2(k1� + k2)�1; (4.12)

£¤¥ �(�) | ¯¥à¢ ï ª®®à¤¨­ â  à¥è¥­¨ï  (�) = (�(�); �(�)) á¨áâ¥¬ë (4.6) á ªà ¥¢ë¬¨ ãá«®¢¨ï¬¨

�(t0 + T )� �(t0) = �1; �(t0 + T )� �(t0) = 0: (4.13)

�¥è¥­¨¥ § ¤ ç¨ (4.6), (4.13) æ¥«¨ª®¬ à á¯®«®¦¥­® ¢ S3. �â® ãâ¢¥à¦¤¥­¨¥ ¤®ª §ë¢ ¥âáï, ª ª ¨ ¢®
¢á¥å ¯à¥¤ë¤ãé¨å á«ãç ïå, á ¯à¨¬¥­¥­¨¥¬ à ¢¥­áâ¢  _�(t) = k2�(t)+f3(t)�(t) ¤«ï �(t) = �(t)+�(t),
¢¨¤  ªà ¥¢ëå ãá«®¢¨© (4.13) ¨ á¨áâ¥¬ë (4.6). �®áª®«ìªã  (t) 2 S3; t 2 [t0; t0 + T ], â® �(t) > 0,
¯®íâ®¬ã ¨§ ¯¥à¢®£® ãà ¢­¥­¨ï á¨áâ¥¬ë (4.6) á«¥¤ã¥â ­¥à ¢¥­áâ¢® _�(t) 6 (f1(t) + k2)�(t). � ª
ª ª �(t) < 0 ¨ f1(t) = k1v(t) 6 k1�, â® _�(t) 6 (k1� + k2)�(t). �®á«¥ ¨­â¥£à¨à®¢ ­¨ï ¯®á«¥¤­¥£®

­¥à ¢¥­áâ¢  ¯®«ãç¨¬ ­¥à ¢¥­áâ¢® �1 6 k1� + k2
k2

k2
t0+TR
t0

�(t)dt, ¨§ ª®â®à®£® á«¥¤ã¥â (4.12).

� ª¨¬ ®¡à §®¬, ¤®ª § ­®, çâ® á¨áâ¥¬  (4.2) (U; clX")-¤®¯ãáâ¨¬  (¤«ï ª ¦¤®© ä¨ªá¨à®¢ ­­®©
T -¯¥à¨®¤¨ç¥áª®© äã­ªæ¨¨ v(t) 2 [�; �] ¨ «î¡®© T -¯¥à¨®¤¨ç¥áª®© äã­ªæ¨¨ x̂(t) 2 clX"), ¯®íâ®¬ã
¢ á¨«ã â¥®à¥¬ë 3 á¨áâ¥¬  (1.1) ¨¬¥¥â ¯® ªà ©­¥© ¬¥à¥ ®¤­® T -¯¥à¨®¤¨ç¥áª®¥ à¥è¥­¨¥, à á¯®«®-
¦¥­­®¥ ¢ clX". �®áª®«ìªã ¢¥ªâ®à áª®à®áâ¨ ¢áïª®£® à¥è¥­¨ï á¨áâ¥¬ë (1.1) (¯à¨ ä¨ªá¨à®¢ ­­®¬
v(t) 2 [�; �]) ­  ª®®à¤¨­ â­ëå ®áïå ­ ¯à ¢«¥­ áâà®£® ¢­ãâàì R2

+ , â® ä ªâ¨ç¥áª¨ ¯¥à¨®¤¨ç¥áª®¥
à¥è¥­¨¥ á¨áâ¥¬ë (1.1) ­¥ ¬®¦¥â ª á âìáï ª®®à¤¨­ â­ëå ®á¥© ¨ ¯®íâ®¬ã ­ å®¤¨âáï ¢ X". �¥à¢®¥
ãâ¢¥à¦¤¥­¨¥ â¥®à¥¬ë 1 ¤®ª § ­®.

�®ª ¦¥¬ ¢â®à®¥ ãâ¢¥à¦¤¥­¨¥ â¥®à¥¬ë. �®¯ãáâ¨¬, çâ® áãé¥áâ¢ã¥â ¯® ªà ©­¥© ¬¥à¥ ¤¢  T -
¯¥à¨®¤¨ç¥áª¨å à¥è¥­¨ï x(�) ¨ x̂(�) á¨áâ¥¬ë (1.1), æ¥«¨ª®¬ à á¯®«®¦¥­­ë¥ ¢ X". �®£¤  ¯ à 
äã­ªæ¨© z1(t) = x1(t)� x̂1(t), z2(t) = x2(t)� x̂2(t) ï¢«ï¥âáï T -¯¥à¨®¤¨ç¥áª¨¬ à¥è¥­¨¥¬ «¨­¥©­®©
á¨áâ¥¬ë 8<

:
_z1 = �(f1(t) + k2 + f2(t))z1 � (k2 � f3(t))z2;

_z2 = f2(t)z1 � f3(t)z2;
(4.14)
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£¤¥ f1 = k1v̂(t) > 0, f2 = 2k3v̂(t)r(t) > 0, f3 = 2k4h(t) > 0, r(t) = x1(t) + x̂1(t), h(t) = x2(t) +
x̂2(t). �¥à¥©¤¥¬ ª ­®¢ë¬ ª®®à¤¨­ â ¬ p = z1 + z2, q = z2 ¨ ¯®«ãç¨¬ á¨áâ¥¬ã ¢¨¤  (4.1) á T -
¯¥à¨®¤¨ç¥áª¨¬¨ ª®íää¨æ¨¥­â ¬¨, ¯à¨ç¥¬ ¢ë¯®«­¥­ë ¢á¥ ãá«®¢¨ï «¥¬¬ë 1. �¨áâ¥¬  (4.1) ­¥
¨¬¥¥â ¯¥à¨®¤¨ç¥áª¨å à¥è¥­¨©, ªà®¬¥ âà¨¢¨ «ì­®£®; íâ® ¦¥ ¢¥à­® ¨ ¤«ï á¨áâ¥¬ë (4.14), çâ® ¨
¤®ª §ë¢ ¥â ¢â®à®¥ ãâ¢¥à¦¤¥­¨¥ â¥®à¥¬ë.

�­ «®£¨ç­® ¤®ª §ë¢ ¥âáï âà¥âì¥ ãâ¢¥à¦¤¥­¨¥ â¥®à¥¬ë. �ë á®áâ ¢«ï¥¬ à §­®áâì z(t) =
x(t)� x̂(t), £¤¥ x̂(�) | T -¯¥à¨®¤¨ç¥áª®¥ à¥è¥­¨¥,   x(t) | ¯à®¨§¢®«ì­®¥ à¥è¥­¨¥ á¨áâ¥¬ë (4.1) á
­ ç «ì­ë¬ ãá«®¢¨¥¬ x(t0) 2 X. �®£¤  ®â­®á¨â¥«ì­® z(�) ¯®«ãç¨¬ á¨áâ¥¬ã (4.14) ¨ (¯®á«¥ § ¬¥­ë
p = z1 + z2, q = z2) | á¨áâ¥¬ã (4.1), ®â­®á¨â¥«ì­® ª®â®à®© ¢ë¯®«­¥­ë ¢á¥ ãá«®¢¨ï «¥¬¬ë 1.

�«ï ¤®ª § â¥«ìáâ¢  ç¥â¢¥àâ®£® ãâ¢¥à¦¤¥­¨ï â¥®à¥¬ë 1 ¢®á¯®«ì§ã¥¬áï â¥®à¥¬®© 2 à ¡®âë [3].
� íâ®© æ¥«ìî ã¡¥¤¨¬áï, çâ® ¢ë¯®«­¥­ë ãá«®¢¨ï � ¨ � â¥®à¥¬ë 2: ãá«®¢¨¥ � ¢ë¯®«­¥­® ¢ á¨«ã
ª®¬¯ ªâ­®áâ¨ ¬­®¦¥áâ¢  clX" (¢á¥ ¯¥à¨®¤¨ç¥áª¨¥ à¥è¥­¨ï á¨áâ¥¬ë (1.1) ¯à¨ ¢á¥¢®§¬®¦­ëå
¤®¯ãáâ¨¬ëå ã¯à ¢«¥­¨ïå ­ å®¤ïâáï ¢ X"). �á«®¢¨¥ � | íâ® ãá«®¢¨¥ à¥£ã«ïà­®áâ¨ á¨áâ¥¬ë
¯¥à¢®£® ¯à¨¡«¨¦¥­¨ï ­  ¯ à¥ v̂(�); x̂(�). �¨áâ¥¬  ¯¥à¢®£® ¯à¨¡«¨¦¥­¨ï ¨¬¥¥â ¢¨¤8<

:
_z1 = �(k1v̂(t) + k2 + 4k4v̂(t)x̂1(t))z1 + (4k4x̂2(t)� k2)z2;

_z2 = 4k3v̂(t)x̂1(t)z1 � 4k4x̂2(t)z2:
(4.15)

�«ï ­®¢ëå ¯¥à¥¬¥­­ëå p = z1 + z2, q = z2 ¯®«ãç¨¬ á¨áâ¥¬ã ¢¨¤  (4.1), £¤¥ f1 = k1v̂(t), k = k2,
f2 = 4k3v̂(t)x̂1(t), f3 = 4k4x̂2(t). �®áª®«ìªã x̂2(t) > 0 (á¬. ¤®ª § â¥«ìáâ¢® ¯¥à¢®£® ãâ¢¥à¦¤¥­¨ï
â¥®à¥¬ë 1), â® ­ ©¤¥âáï � > 0, á ª®â®àë¬ f3(t) > �, t 2 R. �®íâ®¬ã ¢ë¯®«­¥­ë ¢á¥ ãá«®¢¨ï «¥¬¬ë
1 ¨, á«¥¤®¢ â¥«ì­®, á¨áâ¥¬  (4.15) ­¥ ¨¬¥¥â ¯¥à¨®¤¨ç¥áª¨å à¥è¥­¨©, ªà®¬¥ âà¨¢¨ «ì­®£®.

�¨â¥à âãà 

1. �¥âà®¢  �.�., �®­ª®¢ �.�. �®¯ãáâ¨¬®áâì ¯¥à¨®¤¨ç¥áª¨å ¯à®æ¥áá®¢ ¨ â¥®à¥¬ë áãé¥áâ¢®¢ -

­¨ï ¯¥à¨®¤¨ç¥áª¨å à¥è¥­¨©. I // �§¢. ¢ã§®¢. � â¥¬ â¨ª . { 1996. { ò 11. { �. 65{72.
2. �¥âà®¢  �.�.,�®­ª®¢ �.�. � ¯¥à¨®¤¨ç¥áª¨å à¥è¥­¨ïå, ¢®§­¨ª îé¨å ¢ ®¤­®© § ¤ ç¥ å¨¬¨-

ç¥áª®£® ª â «¨§  // �â®àë¥ à¥á¯ã¡«. ­ ãç­. çâ¥­¨ï ¯® ®¡ëª­®¢. ¤¨ää¥à¥­æ. ãà ¢­¥­¨ï¬,
¯®á¢ïé. 75-«¥â¨î �.�.�®£¤ ­®¢ . { �¨­áª, 1995. { �. 66{67.

3. �®­ª®¢ �.�. �¯â¨¬ «ì­®¥ ã¯à ¢«¥­¨¥ ¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨¦¥­¨ï¬¨ // � â¥¬. ä¨§¨ª . {
�¨¥¢, 1977. { �ë¯. 22. { �. 54{64.

�¤¬ãàâáª¨© ã­¨¢¥àá¨â¥â �®áâã¯¨« 

27.04.1996

24


